SUMMARY Left ventricular function in 53 patients with secundum atrial septal defect was assessed by computer-assisted analysis of the left ventricular echocardiogram and by cardiac catheterization. The patients were divided into two groups, those younger and those older than 60 years, to investigate the effect of aging on left ventricular function. Cavity size was significantly smaller than normal (p < 0.01) and septal motion was abnormal in 86%, but values for cardiac index, left ventricular end-diastolic pressure, velocity of circumferential fiber shortening, left ventricular filling rate, and duration of rapid filling were normal in both groups. Regional dynamics assessed in terms of peak rates of systolic thickening and diastolic thinning of the septum and posterior wall were also normal in both groups. We concluded that, although left ventricular minor dimensions are small, and septal motion is reversed in the majority of patients with atrial septal defect, left ventricular function is normal, and it does not appear to deteriorate with increased age, pulmonary hypertension, or the presence of right ventricular failure. The abnormal septal motion appears to be compensated for by enhanced septal and posterior wall percentage thickening.
ATRIAL SEPTAL DEFECT (ASD) is one of the most common forms of congenital heart disease in adults,' and the morbidity and mortality resulting from it have usually been related to congestive heart failure.2 Controversy exists as to whether heart failure is due to right, left, or biventricular decompensation. Since left ventricular failure was first reported clinically by Dexter,5 many authors believe that left ventricular disease plays a significant role in the heart failure that limits life expectancy and accounts for the increased operative risk in elderly patients. 6 Recent angiographic studies have indicated that left ventricular dysfunction may be present even in children with secundum ASD, so Mathew et al.7 suggested that the current practice of delaying surgical closure may not be the best policy. Others have suggested that left ventricular function is normal and that the structural and functional impairment from chronic right ventricular volume overload is a generalized myocardial response with eventual involvement and failure of both ventricles.3 6 Since resolution of the pathophysiologic mechanism of cardiac failure could have great impact on the timing of surgical correction, we investigated this subject. The purpose of this study was to determine 1) whether left ventricular dysfunction occurs in patients with ASD and, if so, with what magnitude and frequency,
2) the significance of reversed septal movement on left ventricular function, and 3) whether left ventricular function in these patients deteriorates with age and therefore accounts for the increased operative risk in the elderly. We investigated left ventricular function of patients with ASD by computer-assisted analysis of the left ventricular echogram to assess septal and posterior wall dynamics in terms of peak rates of systolic thickening and diastolic thinning and their relationship to cavity filling and emptying. In addition, we analyzed left ventricular hemodynamics in all patients who underwent cardiac catheterization.
Patients
Left ventricular echocardiograms were obtained in 53 patients, in whom the diagnosis of secundum ASD had been unequivocally established by cardiac catheterization in 41 (77%) and by operation in 50 (94%). To investigate the effects of aging on left ventricular function, we divided patients with ASD into two groups. Group 1 consisted of 42 patients younger than 60 years old; 25 were female and 17 were male. Their ages ranged from 10-59 years with a mean age of 33 years (body surface area 1.69 ± 0.23 m2). Group 2 included 11 patients older than 60 years; seven were female and four were male. Their ages ranged from 60-83 years, with a mean age of 67 years (body surface area 1.71 ± 0.30 mi2). No This was derived by dividing the peak rate of dimensional shortening, dD/dt (systole), by instantaneous left ventricular dimension, I/D. This ratio is aiso taken to represent peak velocity of circumferential fiber shortening.
Duration of Rapid Filling Phase
This represents the time from minimum left ventricular dimension to the time when the left ventricular filling rate decreased to 20% of its maximum value. This point corresponds in normal subjects to the end of the rapid diastolic filling phase and is seen as the discontinuity in the plot of continuous left ventricular dimension ( fig. 1) . Minimum left ventricular dimension was defined as the point at which left ventricular filling rate changed from negative to positive. Abbreviations: LVEDP = left ventricular end-diastolic pressure; PA = pulmonary artery; Qp/Qs = pulmonary-to-systemic flow ratio; ASD = atrial septal defect. In the normal heart, changes in left ventricular cavity volume are brought about mainly by changes in the minor axis, with no more than a 20% reduction in the longitudinal axis. Changes in the long axis of the left ventricle in patients with ASD estimated from biplane angiography in the left anterior oblique projection are normal. 26 The reduction in long-axis shortening observed in the right anterior oblique projection21 may be more apparent than real because of the changed position of the left ventricle within the chest. The enlarged right ventricle causes posterior rotation of the left ventricle31 so that the chord between the aortic valve and the apex of the heart is foreshortened and therefore no longer measures the same left ventricular dimension as in a normal subject.
CI RCU LATION 1086
Since long-axial changes in left ventricular dimension in patients with ASD are probably normal, abnormal rates of change of cavity volume must result from abnormal changes in minor axis. Since M-mode echocardiography can reliably define the position, and therefore -motion, of both surfaces of the septum and of the free wall throughout the heart cycle, we used it to assess cavity, septal, and wall dynamics.
End-systolic and end-diastolic left ventricular cavity dimensions in patients with ASD were smaller than normal, although body surface areas in the normal and ASD populations were not significantly different. Plots of continuous cavity dimension were qualitatively normal and showed a clearly identifiable rapid diastolic filling phase and a normal period of diastasis during which there was little or no change in cavity diameter ( fig. 2) . In spite of the small ventricular cavity diameter and reversed septal motion in the majority of patients, cavity function, as measured by percent shortening of the minor left ventricular axis, peak velocity of circumferential fiber shortening, peak left ventricular filling rate, and duration of rapid diastolic filling, was normal. The last two parameters have been repeatedly shown to be sensitive to even minor disturbances of left ventricular behavior. 8' 12, 13, 32 That left ventricular cavity function can remain normal in the presence of severely abnormal or reversed septal motion is shown in patients with idiopathic hypertrophic subaortic stenosis (IHSS)8 and in patients after mitral valve surgery. 13 Although peak velocity of circumferential fiber shortening was normal, it must be interpreted with caution in patients with ASD and reversed septal motion because the left ventricle does not contract or relax concentrically. When patients were divided into two groups on the basis of age -those older than and those younger than 60 years old -to investigate the effects of old age on left ventricular function, no differences in cavity mechanics were demonstrable despite the presence of right-heart failure in six patients older than 60 years (group 2). Left ventricular cavity size in group 2, however, was slightly, although not significantly, increased. In addition, mean left ventricular end-diastolic pressure and cardiac index in the patients catheterized were normal, indicating that global or left ventricular cavity function in patients with ASD in these two groups was normal both hemodynamically and echocardiographically.
For further investigation of global left ventricular function, patients with ASD were arbitrarily divided into subgroups hemodynamically -those with pul- A possible explanation for the role of left ventricular dysfunction in patients with ASD may be an incautious interpretation of data obtained at cardiac catheterization. The reduced preoperative cardiac output response to exercise in patients with ASD may be due to two factors: 1) that the left ventricle is small and therefore its stroke volume is small, and 2) that despite the decrease in the ratio of pulmonary to systemic blood flow from rest to exercise, left ventricular filling is still submaximal because of continuing although relatively reduced left-to-right shunting. The abnormal postoperative left ventricular function with exercise is more difficult to explain, but may be contributed to in part by variability in intraoperative myocardial preservation.
Although the right and left ventricles may fail independently, the myocardial architecture34 35 is such that in the terminal stages of right ventricular disease due either to chronic volume overload as in ASD36 or to chronic pressure overload as in cor pulmonale,37 left ventricular dysfunction may develop as the heart fails as a whole organ. In this study, left ventricular function in all patients, including six with right heart failure, was normal, indicating that the morbidity and mortality of patients with ASD cannot be asQribed to left ventricular dysfunction. We submit that left ventricular dysfunction due to right ventricular volume overload is rare and plays little part in congestive heart failure except perhaps in patients with concomitant coronary artery disease or severe mitral regurgitation due to commonly associated mitral valve prolapse.38 4' However, we had no such patients in this study.
